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 Introduction: The objective of this study was to evaluate the physical properties, cytotoxicity and 
sealing ability of HealApex _a new premixed calcium-silicate-phosphate-based biosealer_ in 
comparison with AH-26. Methods and Materials: Setting time, working time, film thickness, flow 
and radiopacity evaluation were performed according to ISO 6876 specification. L929 fibroblasts 
were incubated with the extracts of sealers and cytotoxicity was then evaluated using MTT assay. 
Thirty intact extracted human premolars were instrumented using step-back technique. The 
specimens were obturated with gutta-percha and experimental sealers employing lateral 
condensation technique. Sealing ability of sealers was investigated for up to one month using fluid 
filtration method. Data were statistically analyzed by t-test and ANOVA. Results: Physical 
properties of both sealers conformed to ISO specification. AH-26 exhibited significantly higher 
flow, higher radiopacity and lower film thickness; whereas HealApex showed lower setting time 
(P<0.05). HealApex represented high cell viability (P<0.05); however, AH-26 demonstrated 
significantly lower cell viability compared with the negative control group (P<0.05). There was no 
significant difference in microleakage between the sealers after 1 and 7 days; however, after 30 
days, HealApex displayed better sealing ability (P<0.05). Conclusions: In this in vitro study, 
HealApex revealed acceptable physical properties, biocompatibility and good sealing ability as an 
endodontic sealer. Obtained results showed the new sealer had acceptable physical properties and 
good biocompatibility. In short term, the sealing ability of HealApex was comparable with AH-
26 whilst in long term, HealApex’s sealing ability was better than the epoxy resin-based sealer.  
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Introduction 
he main objective of root canal obturation is to provide a 
hermetic three-dimensional seal. As the core filling material 
itself does not bond to the dentin of root canal walls, the 
association of an endodontic sealer along with the core filling 
material is necessary to prevent apical microleakage [1].  
An ideal root canal sealer should possess certain characteristics, 
including biocompatibility, sealing ability, dimensional stability, 
low solubility, good adhesion to dentin, slow setting time, 
radiopacity, antibacterial activity and the ability to allow or induce 
bone repair [2, 3]. New materials are being continuously launched 
into the market to meet all of these important properties.  
Some examples of sealers are based on zinc oxide eugenol, 
resin, silicone, glass ionomer, calcium hydroxide and calcium 
phosphate. Most of them have shown different levels of weakness 
in biocompatibility, dimensional stability, solubility, adherence to 
dentin, leakage, bond strength and handling properties [4]. 
Calcium silicate-based materials with promising clinical 
outcomes [5, 6] have recently been introduced as root canal sealers 
[7]. They are biocompatible, non-shrinking [8] and show alkaline 
pH during setting, which results in antibacterial activity [9]. These 
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biomaterials were developed mainly because of their bioactivity. 
They release high amount of Ca2+ and OH- ions, resulting in 
nucleation of calcium phosphates. They also induce characteristic 
markers mineralization process [10]. In contact with tissue fluids, 
they can also form hydroxyapatite. Such bioactivities can create a 
chemical bond between dentin and the sealing material [11]. 
Despite the above mentioned strengths, none of the commercial 
sealers of this category comply with all of the necessary 
requirements for the stability and adherence to dentin [12]. 
Recently, a new premixed calcium-silicate-phosphate-based 
biosealer has been developed (HealApex). The major components 
of this sealer are calcium silicates, calcium phosphate, and 
zirconium oxide, which are mixed with water-free polymeric 
vehicles.  
AH-26 (Dentsply DeTrey, Konstanz, Germany), a kind of 
epoxy resin-based material, has demonstrated acceptable 
handling and physical characteristics as well as excellent sealing 
properties it presents with significant toxicity specifically in the 
fresh state, which decreases in the set state [13, 14]. AH-26 is 
frequently used in endodontic studies to compare newly 
introduced root canal sealers. 
The aim of the present study was to evaluate the physical 
properties, cytotoxicity and sealing ability of HealApex and 
compare them with those of AH-26. 
Materials and Methods 
Sealers tested in this study are AH-26 silver free sealer (Dentsply 
DeTrey, Konstanz, Germany) and HealApex. 
Physical properties  
For each material, setting time, working time, film thickness and 
flow were measured three times according to International 
Organization for Standardization (ISO) 6876 (2012). The mean 
and standard deviation values were calculated and recorded. 
Radiopacity test 
Two acrylic sheets containing 5 wells, measuring 1 mm in 
thickness and 5 mm in diameter, were prepared. The sealers 
were poured into the wells and kept in an incubator at 37ºC 
until the materials were completely set. Then, the thickness was 
checked with a digital caliper. Dentin specimens (1-mm 
thickness) were prepared by cutting freshly extracted human 
molar teeth with a diamond cutting disc (Mecatome, Presi, 
France). Thereafter, the specimens were placed on a GXS 
digital sensor along with an aluminum step wedge. Preliminary 
examination showed that the dentin and HealApex sealer had 
low radiopacity. Thus, for these samples, the high resolution 
step wedge, graduated from 0.5 to 5 mm Al (in 0.5-mm 
increments), was used. Highly radiopaque AH-26 was exposed 
along with an aluminum step wedge graduated from 1 to 10 
mm Al (in 1-mm increments).  
Radiographs were taken using a dental x-ray machine 
(Gendex Intra-Oral x-ray, USA) operating at 65 kV and 7 mA, 
with exposure set at 0.32 sec and a focus-film distance of 30 cm. 
Digital images were imported to Digora for Windows software 
version 2.7 (Orion Corporation Soredex, Helsinki, Finland).The 
said software measures the density of radiographic images, at each 
step on the aluminum step-wedge, samples and specimens of 
dentin. An average of 5 readings for each specimen and aluminum 
step was recorded. These values were then converted into 
millimeters of aluminum in a manner similar to the method in 
Duarte et al. study [15]. 
Cytotoxicity testing 
Cytotoxicity assessment was performed according to ISO 10993-
5. L929 were obtained from National Cell Bank of Iran (NCBI), 
Pasteur Institute, Iran. The cells were grown in DMEM (Dulbecco 
modified Eagle medium) medium containing 10% fetal bovine 
serum (FBS), 100 U/mL penicillin and 100 µg/mL streptomycin in 
an atmosphere of 5% CO2 at 37°C in a humidified incubator.  
The cytotoxicity of materials was tested in 2 states - fresh and 
set. For the fresh states, a disc was placed at the bottom of 24-well 
plates. To prepare the set specimens, sealers were poured in 
cylindrical Teflon molds of 4 mm in diameter and 6 mm in height 
and then incubated to set. Three specimens were prepared for 
each material at each state. Before extraction, freshly mixed and 
set sealers were exposed to ultraviolet (UV) light for 2 h. The 
surface area to volume ratio used in the extract preparation was 
considered 100 mm2/mL. Elutes were harvested at 1, 3 and 7 days. 
Afterwards, the extracts were passed through 0.22 µm filters to 
ensure that sterile conditions were met and then stored at 4°C.  
The relative cytotoxicity of extracts was examined using 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
(MTT) assay. Fibroblast cells were placed into a 96-well plate at 
1×104 cells/well and incubated for 24 h to allow adhesion. Then, 
the cells were exposed to the 100 µL extract of the samples and 
incubated for another 24 h. In living cells, mitochondrial 
dehydrogenases reduced the MTT tetrazolium ring to form 
insoluble, purple formazan crystals. The formed crystals were 
dissolved in isopropanol (100 µL) and the absorbance of the 
resultant solution was quantified using an ELISA reader (Stat Fax 
2100, USA) at 545 nm. The optical density of each sample was 
normalized according to the control group (culture medium with 
no sample). All assays were repeated 3 times to confirm 
reproducibility. Recorded values were qualitatively classified as 
severe (<30%), moderate (30%-60%), slight (60%-90%) and non-
cytotoxic (>90%) [16]. 
Sealing ability 
Thirty-six extracted human single rooted premolar teeth (with no 
caries, cracks, root resorption, root length shorter than 15 mm or 
open apices) were chosen. The teeth were decoronated with 
diamond discs leaving a uniform 15-mm root section.  
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Figure 1. Digital radiographic image of HealApex with an aluminum 
step-wedge graduated from 0.5 to 5 mm Al (in 0.5-mm increments) 
 
The length of the canals was determined by passing a size 15 
K-File (Dentsply Maillefer, Ballaigues, Switzerland) into the canal 
until its tip was visible at the apical foramen. Working length was 
established 1 mm short of the canal length. The coronal third of 
the canals was flared using #2 to #4 Gates Glidden drills. Apical 
portions of roots were instrumented to size 50 using step-back 
technique. The patency of the apical foramen was maintained 
with a size 10 K-file. Between the changes of the files, the canals 
were irrigated with 1 mL of 5.25% NaOCl solution followed by 1 
mL of distilled water.  
Root canals were then dried with paper points. Standardized 
size 50 gutta-percha master cones were fitted to the working length 
with a tug back. The specimens were divided into two groups, each 
including 15 teeth, and filled with the sealers and accessory cones 
with laterally condensed gutta-percha. Six teeth were used for 
controls. In the positive control group, root canals were filled with 
a gutta-percha cone only. In the negative control group, the canals 
were prepared as in AH-26 group. Access cavities were sealed with 
dental composite (Filtek TM Z250 Universal Restorative, USA). 
Then, each tooth was covered with a wet gauze soaked in phosphate 
buffer solution. These samples were placed in an incubator at 37°C 
for 7 days to allow sealers to set. Before measurement of the leakage, 
the samples were coated with two layers of nail varnish except for a 
2-mm area around the apical foramen.   
In this study, apical microleakage was measured using a fluid 
transport model described by Wu et al. [17]. The pressure of 0.2 
atm forced the water to pass through any voids along the root 
filling, displacing the air bubble in the 0.1 mL capillary glass tube 
connected to the root section. Measurements were made at 2-min 
intervals in a period of 8 min. The fluid flow rate was measured on 
days 1, 7, and 30 and expressed in µL/min-1/cm H2O-1. 
Statistical analysis 
Results were statistically analyzed by t-test and analysis of 
variance (ANOVA), using the SPSS software version 18. The 
significance level of 0.05 was chosen.  
Figure 2. Viability of L929 cells exposed to the extracts of (A) the 
fresh and (B) the set sealers at different time intervals. The culture 
medium with no sample was considered as control 
Results 
The mean values and standard deviations of physical properties 
(setting time, working time, film thickness, flow and 
radiopacity) of the tested sealers as well as standard ISO 6876 
(2012) specifications are presented in Table 1. Physical 
properties of both sealers conformed to the ISO standard of 
root canal sealing materials. There were significant differences 
between the results of physical properties of AH-26 and 
HealApex (P<0.05). AH-26 exhibited significantly higher flow 
and radiopacity, and lower film thickness than that of 
HealApex; whereas the setting time of HealApex was lower 
(P<0.05). Figure 1 shows the digital radiographic image of 
HealApex, which confirms the results in Table 1. Dentin 
presented a radiopacity value equivalent to 0.97±0.07 mm Al. 
Cell viabilities of extracts derived from fresh and set AH-26 
and HealApex during 7 days are presented in Figure 2. When 
cells encountered the elutes of freshly sealers, AH-26 was 
strongly cytotoxic. There was no difference between the results 
of different days (P>0.05). Contrary to fresh AH-26, extracts 
from the fresh HealApex exhibited slight cytotoxicity. For this 
sealer, significant difference in cell viabilities was found 
between day 7 and other days (P<0.05) (Figure 2A). In set 
sealers, extracts of HealApex decreased cell viability slightly in 
comparison with the control sample during 7 days. However, 
set AH-26 showed moderate toxicity (Figure 2B). AH-26 was 
more cytotoxic than HealApex during all periods (P<0.05).  
The results of quantitative evaluation of sealers’ apical 
microleakage are illustrated in Table 2. There was no 
significant difference between the 2 sealers on days 1 and 7. 
However after 30 days, teeth filled with AH-26 sealer showed 
higher microleakage than those filled with HealApex 
(P<0.05). HealApex also demonstrated less microleakage on 
other days, although this was not significant. It was observed 
that AH-26 sealer had a significant increase of microleakage 
after the first week (P<0.05). During the experiment, there 
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was no statically significant difference in the results of 
leakage for HealApex. The positive controls demonstrated 
high levels of microleakage at all-time intervals, whereas 
negative controls did not leak in the same time period. 
Discussion 
The results of this study demonstrated that HealApex meets the 
requirements of ISO 6876 specifications. This new premixed 
calcium silicate-based sealer is biocompatible. It also has good 
sealing ability comparable to AH-26. Long term sealing of this 
biomaterial was better than the epoxy resin sealer. 
Root canal sealers are in contact with vital tissue via the main 
path of communication, apical foramen. Due to the risk of 
overfilling during endodontic procedures, not only acceptable 
degree of biocompatibility is essential, but also the ability of hard 
tissue induction i.e. cementogenesis is expected [18, 19]. 
Extrusion of these materials may cause unfavorable consequences, 
such as inflammation and intense neurotoxicity [20]. Premixed 
calcium silicate-based sealers have been introduced to the 
profession for their biological benefits, principally their bioactivity 
potential [12]. This study compared the cytotoxicity of HealApex 
and AH-26 sealers via the exposure of extracts of materials to L929 
fibroblast cells. Utilization of established cell lines, such as human 
gingival fibroblast or mouse fibroblasts, enables good 
reproducibility for in vitro cytotoxicity assessments [21]. This cell 
line can easily be prepared and cultured. In the present study, 
MTT assay was used for evaluating the cytotoxicity of materials. 
The advantages of this method its reliability, reproducibility, 
simplicity, speed and precision [22].  
Premixed calcium silicate-based sealers need body tissue fluids 
during their setting process. Exchanging of water-free carrier with 
body tissue moisture leads to a hydration reaction of active 
ingredients and generation of calcium silicate hydrate and 
calcium hydroxide; all of which have the potential for bioactivity. 
Obtained results revealed that both freshly mixed and set 
HealApex have acceptable levels of biocompatibility. The fresh 
state of HealApex exhibited very good cell viability, which 
decreased slightly on day 7. It seems that such minor decrease is 
the consequence of gradual release of a calcium hydroxide 
byproduct, which increases the local pH and kills adjacent cells. 
The increased pH also provides the sealer with additional 
antibacterial characteristics. Such a property may partly have a 
conflict with tissue compatibility. 
Our results also demonstrated that fresh AH-26 has a severe 
cytotoxic effect. This phenomenon could be explained by the 
formation of formaldehyde via hydrolysis of the hexamethylene 
tetramine to ammonia and formaldehyde. Release of free 
monomers during conversion process may be another reason for 
cytotoxicity [23]. This material has antibacterial effects, which 
may conflict with its biocompatibility [24].  
Some case reports describe paresthesia and allergic reactions 
to AH-26 shortly after the application of the material [25, 26]. In 
this study, the set AH-26 exhibits moderate toxicity on L929 cells. 
Researchers reported strong to moderate toxicity for the set AH-
26 sealer [27]. The discrepancy between the results of various 
studies may be due to using different time intervals between 
mixing and exposure of the material to cells. Other important 
factors are employing different cell lines, incubation time, 
frequency of changing the medium, methods of presenting the 
material to cells (direct contact or extract of material) and 
concentration of the material in the media [28].  
The majority of endodontic failures caused by the imperfect 
apical/coronal seal of the root canal system [29, 30]. This study 
evaluated the sealing property of the new sealer for 30 days with 
the fluid transport model described by Wu et al. [17]. The major 
advantage of this model was the ability to provide a quantitative 
measurement of microleakage at intervals over extended periods 
without destroying the root specimens. In addition, this method 
is more sensitive than passive dye penetration for the detection 
of full-length voids along root canals and is highly reproducible 
[31]. To reduce variation, the length of all roots investigated 
within this study were kept identical; the diameter and anatomy 
of the foramen were also controlled.  
The results of the microleakage test showed the importance of 
a sealer in the quality of the gained seal. Samples in the positive 
control group (no sealer) demonstrated the highest values of 
microleakage. In addition, AH-26 sealer showed increased 
 
Table 1. Physical properties of HealApex and AH-26 sealers and compliance to ISO 6876  
 Working time (h) Setting time (h) Film thickness (µm) Flow (mm) Radiopacity (mm Al) 
HealApex >4 2.2 (0.1) 37.37 (6.58) 21.51 (0.63) 3.48 (0.14) 
AH-26 sealer >5 9.4 (0.2) 28.8 (3.33) 27.03 (0.38) 6.37 (0.23) 
P-value - <0.001 0.0167 <0.001 <0.001 
ISO 6876/2012 - - <50 >17 >3 
 
Table 2. Leakage of tested sealers on different days (µL.min -1. cm H2O-1×10-3) 
 1th day 7th day 30th day 
HealApex 0.47 (0.37)a 0.47 (0.27)a 0.46 (0.28)a 
AH-26 sealer 0.71 (0. 51)a 0.73 (0.46)a 1.31 (0.53)b 
The means having same superscripts at the same column are not statistically different at P>0.05 
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microleakage after 30 days. Researchers have previously reported 
an early expansion for this sealer as it sets. However, after 30 days, 
they observed some shrinkage, which can fracture bonding to the 
dentin and lead to the formation of gaps between the sealer and 
root canal walls [32]. This may be the reason for the 
highermicroleakage values after 30 days in the present study. 
These results are in agreement with previous studies, which have 
shown increased microleakage of AH-26 over time [33]. 
Long term sealing ability of a sealer is clinically important [34] 
In previous studies, it was shown that the sealing ability of calcium 
silicate-based sealers were comparable to epoxy resin-based 
sealers [35]. The results of the present study demonstrated better 
long term sealing ability for HealApex compared with epoxy resin. 
In addition, the leakage of the new sealer with higher film 
thickness was less than that of AH-26 after 30 days. These results 
indicate that lower film thickness does not necessarily result in 
better sealing. Other properties are important too. Calcium 
silicate-based sealers do not shrink during setting and show a 
slight expansion through continuous hydration after initial setting 
of the material and further crystalline maturation [8]. The 
hydration reaction of these materials results in the production of 
calcium hydroxide. It is well established that this product can 
stimulate biological closure of the apical region through hard 
tissue formation [11]. These sealers have also demonstrated better 
adaption to gutta-percha than resin-based sealers [35]. However, 
it is still important that the film thickness of a sealer should 
comply with the standard specifications, due to its effects on 
handling and possible interference with the appropriate 
placement of gutta-percha cones into the root canals in 
condensation techniques. 
Rheological properties of a sealer are important in inserting 
the core material and display its potential to penetrate into 
irregularities and accessory canals [36]. However, it has been 
reported that there is no correlation between the penetration of 
sealer into dentinal tubules and microleakage results [37]. 
Higher film thickness and lower flow of the new sealer in 
comparison with AH-26 may be due to its different composition 
and particle size. Other factors affecting these properties are solid 
concentration, particle size distribution, rate of shear, 
temperature and mixing time [4, 38]. In the present study, the film 
thickness and flow values of AH-26 sealer were 28.8 ± 3.33 µm and 
27.03 ± 0.38 mm, respectively. These results agree with previous 
studies which showed the film thickness of AH-26 sealer to range 
from 26 to 39 µm [39]. Flow of this sealer has also been reported 
to vary from 25 to 30 mm [40, 41]. 
Setting time of a sealer must be long enough to allow 
placement and adjustment of the root filling material. However, a 
prolonged and lengthy setting time is a disadvantage, since 
washout and microleakage of the unset sealer may occur. A sealer 
must also have ample working time to allow mixing and 
manipulation of the material [42].  
The contrast created by radiography makes the material 
distinguishable from surrounding anatomic structures and thus, 
allows clinicians to evaluate the obturation quality. The ISO 6876 
standard expresses that root canal sealers should have a 
radiopacity value not less than 3 mm Al. In the present study, 
tested sealers showed higher radiopacity than the standard 
specification. The radiopacity value of AH-26 sealer was higher 
than that of HealApex. This difference may be the result of the 
presence of different radiopacifiers in each sealer. AH-26 
radiopacity is provided by bismuth oxide while zirconium oxide 
acts as a radiopacifier in HealApex. In this research, we used 
digital radiography instead of conventional x-ray imaging. The 
determined radiopacity of AH-26 was 6.37. This result is in 
accordance with another study which reported value of 6.29 by 
digitized film [43]. 
Similar to calcium-silicate based materials, HealApex is likely 
to have some drawbacks [44]; therefore, further researches are 
necessary for improving the characteristics as well as the 
investigating other aspects of biocompatibility and clinical 
performance of this novel endodontic sealer. 
Conclusion 
This in vitro study is the first investigation to evaluate the 
properties of a newly developed sealer (HealApex). The sealer 
exhibited acceptable physical properties and biocompatibility. In 
addition, sealing ability of HealApex was similar to AH-26.  
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